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the transgene, the construct includes an upstream arrayVisualizing Gene Expression:
of tetracycline response elements, which bind to thean Unfolding Story rtTA transcriptional activator protein that is induced
when the drug doxycycline is added to the culture me-
dium. Transcriptional elongation can be directly visual-
ized because the transcript includes MS2 viral RNA,
Eukaryotic transcription is a dynamic process in which which is detectable by constitutive expression of MS2
RNA polymerases read DNA templates that are tightly coat protein fused to YFP. Thus, when doxycycline is
wrapped around histones. In this issue of Cell, Janicki added, rtTA rapidly activates the minimal CMV promoter
et al. (2004) provide a glimpse of the events that follow that drives the transgene, and MS2 nascent transcripts
transcriptional induction, using an integrated cytologi- are seen as yellow foci around the cyan-labeled LacO
cal system observed in real time. They find that local array. Activation and transcription is accompanied by
decondensation of the template is accompanied by noticeable decondensation at 17.5 after doxycyclin ad-
profound changes in chromatin composition. dition, gradually unfolding for the next two hours, which
is when transcription peaks.
Further elaborations allow for other components to beThe introduction of powerful cytological tools has led
monitored. The transcript encodes a CFP fusion proteinto a renaissance in the cell biology of the nucleus over
(CFP-SKL) that localizes to peroxisomes, so that thethe past several years. Green fluorescent protein (GFP)
appearance of cyan spots in the cytoplasm indicatesand its variants can be used to observe single gene
that the entire process of gene expression, splicing,products in living cells noninvasively. The results have
and translation has gone to completion. The kinetics ofsometimes been surprising. For example, the glucocorti-
induction can be followed in cells transfected with rtTAcoid receptor protein, thought to activate transcription
fused to YFP rather than MS2-YFP. To monitor otherby stable binding, actually binds and releases in about
components during induction and gene expression, dif-five seconds (McNally et al., 2000). Similarly, rapid ex-
ferent YFP or CFP fusion constructs are introduced.change is found for the most prominent constituent of
For example, visualization of YFP chimaeras with RNAsilent chromatin, heterochromatin protein 1 (HP1) (Cheu-
polymerase II or a splicing factor at the active locustin et al., 2003; Festenstein et al., 2003). Such rapid
confirmed that MS2 localization represents nascentturnover of genomic constituents has led to the realiza-
transcription.tion that the stability implicit from observing fixed nuclei
More than the kinetics of transcription can be moni-is largely an illusion.
tored. Multicopy transgene arrays form heterochroma-This dynamic view of nuclear components empha-
tin, and this 200-copy insertion of a 20 kb plasmid formssizes the need to apply real-time cytology to eukaryotic
a cytologically visible block of heterochromatin, whichgene expression. Nucleosomes present barriers to tran-
could be visualized by expressing YFP fusions with HP1scription that must be overcome for transcription to
isoforms. Transcriptional induction led to gradual disap-initiate and proceed through the body of a gene. Unfortu-
pearance of HP1 by 50 after induction, and by 3 hr,
nately, in vitro systems do not reproduce the complex
an HP1 “hole” formed at the site, even though the
series of steps that occur when RNA polymerases transit
region bound by HP1 is not within the transcription
through gene regions packaged into chromatin. Further- unit itself. This suggests that the physical unfolding of
more, the properties of nucleosomes are governed both a region causes it to lose heterochromatin.
by the presence of complex covalent modifications and The gradual loss of HP1 that accompanies unfolding
by the mobilizing action of several chromatin remodeling is perhaps expected given that the residence time of
machines (Workman and Kingston, 1998). Although HP1 is on the order of seconds. What was not expected
progress has been made in understanding the dynamics was the concomitant reduction in levels of an epitope
of particular histone-modifying and chromatin-remodel- that anchors HP1 isoforms, methylated lysine-9 of his-
ing activities, it is not at all clear how they work together tone H3 (H3-K9me), because H3 is known to stably re-
in vivo. Therefore, direct visualization of gene expres- side on chromatin (Kimura and Cook, 2001). No enzymes
sion promises to reveal new mechanistic insights. are known that can remove a methyl from a lysine, and so
In this issue of Cell, Janicki and colleagues (2004) the question arises as to what caused the transcription-
report the first integrated view of gene expression in coupled reduction in H3-K9me. In Drosophila, transcrip-
real time. Taking advantage of various in vivo marking tion-coupled loss of H3-K9me had been shown to occur,
techniques, they have visualized the key components with the concomitant gain of the replacement variant
of gene expression from the time that a gene is induced histone H3.3 at active rDNA arrays (Ahmad and Henikoff,
until after the rate of transcription has peaked. The sys- 2002). Whereas H3 deposition was limited to replication
tem consists of a permanent cell line in which a tandem forks, H3.3 was identified as the exclusive substrate for
transgene array is inserted into a single site. The pres- replication-independent deposition, and biochemical
ence of 200 tandem copies allows for various compo- complexes corresponding to these two distinct nucleo-
nents of gene expression to be readily observed. To some assembly pathways have been recently purified
visualize the locus, the transgenic construct includes a (Tagami et al., 2004). Therefore, it seemed possible that
large array of tandemly repetitive lactose operator the loss of H3-K9me at the LacO arrays was caused by
(LacO) repeats (Figure 1A), which bind to a constitutively replacement of H3 by H3.3.
expressed Lac repressor protein fused to cyan fluores- To test this possibility, Janicki et al. (2004) expressed
H3.3-YFP and followed its accumulation after induction.cent protein (CFP) (Tsukamoto et al., 2000). To activate
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Figure 1. Cytological System for Observing
Dynamic Changes at an Inducible Locus
(A) Cartoon of transgene structure. Lac re-
pressor (LacR) binds and doxycycline in-
duces rtTA, which activates transcription of
the CFP-SKL/MS2 binding site chimaeric
transcript; this can be visualized with MS2-
YFP.
(B) Cytological changes that occur at the
transgene array upon induction. LacR (red)
marks the locus, which begins to unfold in
minutes and continues to decondense for an
hour or so. Histone H3.3 (green), initially dis-
tributed uniformly throughout the nucleus
(large oval), accumulates next to LacR within
the transgene array and becomes depleted
elsewhere, except at nucleoli. These changes
at the transgene array follow the accumula-
tion of mRNA and Pol II and accompany the
loss of HP1 and H3-K9me.
Prior to induction, H3.3-YFP displayed a uniform distri- us with a glimpse of the dynamic processes that occur
when genes are expressed.bution over the entire nuclear volume. By 7.5 after in-
duction, H3.3-YFP could be detected at the LacO array,
dramatically increasing in abundance with decondensa- Steven Henikoff
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